The lens, which is composed of epithelial cells on the anterior surface of the lens and fiber cells, grows with an increase in age, and the epithelial cells move towards the lens nucleus portions during the growth. In this process, the epithelial cells were developed to become fiber cells. [1] [2] [3] Differentiation into a lens fiber cell is accompanied by changes in cell shape, the expression of crystallins and the degradation of cellular organelles. [4] [5] [6] Therefore, the lens fiber cells have no nuclei and organelles. The loss of nuclei and organelles is believed to ensure the transparency of the lens. [4] [5] [6] DNase II-like acid DNase (also called DNase IIb; DLAD) 7, 8) is an enzyme involved in differentiation into a lens fiber cell. Recently, Nishimoto et al. 9) reported that a lack of the DLAD gene caused an inability to degrade DNA during lens cell differentiation, and the accumulates of undigested DNA in the fiber cells caused nuclear cataract in DLAD gene knockout mice. However, an appropriate model animal for investigating the change of DLAD with an increase in age has not yet been introduced.
The UPL rat (UPLR) is a dominant hereditary cataract model derived from the Sprague-Dawley rat, 10) with (cataractous UPLR) and without (normal UPLR) the dominant gene for cataracts. Opacification of the lenses in cataractous UPLR starts at 35-42 d of age, and the lenses of the cataractous UPLR at 50 d of age are almost entirely opaque. The cataract appearance in the adult cataractous UPLR was 100%. [10] [11] [12] [13] On the other hand, the Shumiya cataract rat (SCR), which was established by Shumiya and Nagase, is a hereditary cataractous rat strain. 14) Lens opacity in SCR appears spontaneously in the perinuclear and nuclear portions at 77-84 d of age, and cataract appearance in adult SCR was 66.7% (cataractous SCR), 15) with the remainder having normal clear lenses (normal SCR). Previous investigations have revealed that oxidized glutathione concentrations in the lenses of cataractous UPLRs and SCRs are increased, and reduced glutathione values are decreased. 16, 17) The proteolysis of some crystallins and cytoskeletal proteins was enhanced in the lenses of cataractous UPLRs and SCRs. 11, 12, 18, 19) The calcium concentrations in the lenses of cataractous UPLRs and SCRs rise markedly with an increase in age compared with those of normal UPLRs and SCRs, and the autolytic product of calpain was also detected in the lenses of cataractous UPLRs and SCRs. 12, 20) It is noteworthy that UPLRs and SCRs cataracts are not diabetic cataracts. These changes in the biological characteristics of the lenses of cataractous UPLRs and SCRs correspond to those of human cataracts. Therefore, UPLRs and SCRs should provide a useful model for studies to reveal the mechanism of cataract development.
In this report, we investigated the degradation of DNA and the expression of DLAD in the lenses of UPLRs and SCRs during cataract development.
MATERIALS AND METHODS

Animals
The rats used were male normal and cataractous (late onset type) UPLRs aged 25 to 53 d, and male normal and cataractous SCRs aged 42 to 105 d. They were housed under standard conditions (12 h/d fluorescent light (07:00-19:00), 25°C room temperature) and given a commercial diet (CE-2, Clea Japan Inc., Osaka, Japan) and water. Lens opacity in SCR appeared in exactly 2/3 of the animals; the remainder had normal clear lenses. In these experiments, the SCRs were divided into two groups, i.e., normal and cataractous. The judgment as to whether individual SCRs were normal or cataractous was based on observation using an anterior eye segment analysis system (EAS-1000, Nidek, Aichi, Japan) at 42 d of age. 21) For the comparison of involvement of the appearance of undigested DNA and DLAD in the lenses of UPLRs and SCRs during cataract development, the following were used: 25- The loss of organelles and DNA is important to ensure transparency of the lenses, and DNase II-like acid DNase (also called DNase IIb b, DLAD) is related to the loss of organelles and DNA in the lenses. We investigated the relation between the degradation of DNA and DLAD mRNA expression in the lenses of two hereditary cataract rats, the UPL rat (UPLR) and the Shumiya cataract rat (SCR), during cataract development. Undigested DNA was detected in the lens cortexes of normal UPLRs and SCRs, and undigested DNA was degraded in the lens nuclei of normal UPLRs and SCRs. DLAD does not affect common cataract formation, since DLAD mRNA expression levels in the lenses of cataractous SCRs were not changed with an increase in age, and undigested DNA was degraded in the lens nuclei of cataractous SCRs. On the other hand, an accumulation of undigested DNA was found in the lens nuclei of cataractous UPLRs at 46 and 53 d of age with opaque lenses, and the decrease in DLAD mRNA expression levels occurred prior to the accumulation of undigested DNA in the lens nuclei. It is possible that UPLRs are a good model for cataract caused by a decrease of DNA degradation in the lenses.
Image Analysis for Cataract Development in UPLRs and SCRs This was performed as described by Ito et al. 21) Briefly, the pupils of the UPLRs and SCRs were dilated by the instillation of 0.1% pivalephrine (Santen Pharmaceutical Co., Osaka, Japan) without anesthesia. Changes in the transparency of the lenses were monitored using an EAS-1000 equipped with a CCD camera (Nidek, Aichi, Japan). The area of opacity, in pixels, was analyzed by a computer using image analysis software connected to the EAS-1000 system. RNA Preparation Total RNAs were extracted from the lenses of the UPLRs and SCRs by the acid guanidium thiocyanate-phenol-chloroform extraction method 22) using Trizol reagent (Life Technologies Inc., Rockville, U.S.A.) according to the manufacturer's instructions.
Semiquantitative Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR) RT reaction was performed using an RNA PCR kit (AWV Ver 2.1, Takara Bio Inc., Tokyo, Japan). One microgram of total RNA was mixed with 3 ml of Tris-HCl buffer 10 mM (pH 8.3) containing MgCl 2 5 mM and KCl 50 mM. The following components were then added to give a final volume of 10 ml: RNase inhibitor 1 unit/ml, deoxynucleotide triphosphates 10 mM, reverse transcriptase 2.5 units/ml, and oligo dT-adaptor primer 0.125 mM. The RT reaction was performed at 42°C for 15 min, followed by 5 min at 95°C. The PCR reactions were performed by adding 10 ml of cDNA to 40 ml of the reaction mixture containing MgCl 2 3.125 mM, Tris-HCl 12.5 mM, pH 8.3, 1.563 units of Taq DNA polymerase and DLAD-or glyceraldehyde-3-phosophate dehydrogenase (GAPDH)-specific primers 25 pmol. The specific primers were: 5Ј-TCAGAT-GTGTGCCAAGTCCAGTGCCTC-3Ј and 5Ј-AATACAGG-TCCAGCGAGCCTGAGAGTC-3Ј for DLAD 23) ; and 5Ј-GGTGCTGAGTATGTCGTGGAGTCTAC-3Ј and 5Ј-CATG-TAGGCCATGAGGTCCACCACC-3Ј for GAPDH.
13) The conditions for PCR were: 94°C for 2 min, 35 cycles of 94°C for 30 s (denaturing), 65°C for 30 s (annealing), and 72°C for 1 min (extension), and a final extension of 72°C for 10 min. The PCR products were separated on 1.5% agarose gel, visualized using ethidium bromide, and then photographed with an ImageMaster-CL (Amersham Biosciences Corp., Piscataway, NJ, U.S.A.). The relative expression levels of DLAD mRNA were expressed as a ratio of the amount of DLAD to that of GAPDH.
Quantitative Real-time RT-PCR The composition and conditions of the RT reaction were the same as those described for the semiquantitative RT-PCR method. The PCR reactions were performed using LightCycler FastStart DNA Master SYBR Green I according to the manufacturer's instructions (Roche Diagnostics Applied Science, Mannheim, Germany). Briefly, 2 ml of cDNA was mixed with 2 ml of reaction mixture, LightCycler FastStart DNA Master SYBR Green I Reaction Mix, containing FastStart Taq DNA Polymerase, reaction buffer, MgCl 2 , SYBR Green I dye, and deoxynucleotide triphosphate mix. The following components were then added to give a final volume of 20 ml containing DLAD-or GAPDH-specific primers 10 pmol. The following primers were used: 5Ј-TTGCTCTTCGTTGCCCTGTC-3Ј and 5Ј-TCCTCTGCTGGTCCTTCTGG-3Ј for DLAD (GenBank accession No. AF178974); and 5Ј-ACGGCACAGT-CAAGGCTGAGA-3Ј and 5Ј-CGCTCCTGGAAGATGGT-GAT-3Ј for GAPDH (GenBank accession No. NM_017008).
The conditions for PCR were: 95°C for 10 min, 50 cycles of 95°C for 10 s (denaturing), 55°C for 10 s (annealing), and 72°C for 5 s (extension). The quantities of PCR production were measured fluorometrically in a real-time manner using a LightCycler DX 400 (Roche Diagnostics Applied Science, Mannheim, Germany). After the PCR reactions were finished, dissociation curves of the PCR products were generated using the program of LightCycler Software Version 4.0 to detect nonspecific amplification, including primer-dimers, and to ascertain the quality of the amplification data. The differences in the threshold cycles for GAPDH and DLAD were used to calculate the levels of DLAD mRNA expression in the UPLRs.
Measurement of DNA in the Lenses of UPLRs and SCRs
Lenses taken from the UPLRs and SCRs were separated into lens cortex portions (containing epithelial cells and fiber cells) and lens nucleus portions (containing fiber cells only), and the separated lenses were used for the measurement of DNA in the lenses of the UPLRs and SCRs. The DNA was extracted with a QuickPick TM gDNA kit (BIO-NOBILE, Turku, Finland) according to the manufacturer's instructions. The extracted undigested DNA from 2 lenses were run on 1.0% agarose gel and visualized using ethidium bromide, and then photographed by an ImageMaster-CL.
Statistical Analysis All values are expressed as the meansϮstandard error of the mean (S.E.). Statistical analyses were performed using the JAM Ver. 5.1 (SAS Institute Japan) computer program. Significance of the mean differences in each experiment was analyzed by Student's t-test, and a p value of less than 0.05 was considered significant. The number of experiments performed in duplicate is given under the figures. Figure 1 shows the opacities of the lenses of the normal and cataractous UPLRs and SCRs, as documented by the EAS-1000. Opacification of the lenses of the cataractous UPLRs started at 39 d of age, and the lenses of the cataractous UPLRs at 53 d of age were almost entirely opaque. On the other hand, opacification of the lenses of the cataractous Fig. 1 
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Appearance of Undigested DNA in the Lens Cortex and Nucleus of Normal and Cataractous UPLRs and SCRs
. Lens Opacity of Normal and Cataractous UPLRs and SCRs
Normal UPLR (᭺), cataractous UPLR (᭹), normal SCR (᭝), cataractous SCR (᭡). Lens opacity was monitored using an EAS-1000, and analyzed by a computer using image analysis software connected to an EAS-1000 system. The data are presented as meansϮS.E. of 6-10 lenses.
SCRs started at 77 d of age, and mature cataracts had formed by 81 d of age. Figure 2 shows the appearance of undigested DNA in the lenses of normal and cataractous UPLRs and SCRs. Undigested DNA was detected in the lens cortexes of the normal UPLRs and SCRs, and undigested DNA was degraded in the lens nuclei of the normal UPLRs and SCRs. The accumulation of undigested DNA was found in the lens nuclei of the cataractous UPLRs at 53 d of age with opaque lenses. In contrast to the result from the cataractous UPLRs, undigested DNA was degraded in the lens nuclei of the cataractous SCRs at 105 d of age with opaque lenses. Figure 3 shows the agarose gel electrophoresis of DLAD mRNA from eight tissues of Sprague-Dawley rats. The expressions of DLAD mRNA were detected in the lens, brain, lung, liver and pancreas. In particular, stronger DLAD mRNA bands were found in the lens and liver. Figure 4 shows the levels of DLAD mRNA expression in the lenses of the normal and cataractous UPLRs and SCRs. The levels of DLAD mRNA expression in the lenses of normal and cataractous UPLRs and SCRs of age with transparent lenses (UPLRs at 25 d of age and SCRs at 56 d) were same. On the other hand, the levels of DLAD mRNA expression in the lenses of the cataractous UPLRs at 53 d of age decreased compared with that of the normal UPLRs at 53 d of age. The level of DLAD mRNA expression in the lenses of the SCRs at 105 d of age was not different from that of the normal SCR at 105 d of age. Therefore, we investigated the relation between the degradation of DNA and the levels of DLAD mRNA expression in the lenses of the cataractous UPLRs with an increase in age (Figs. 5, 6 ). The decrease in DLAD mRNA expression levels in the lenses occurred prior to the accumulation of undigested DNA in the lens nuclei of the cataractous UPLRs. The decrease of DLAD mRNA expression in the lenses of the cataractous UPLRs was observed significantly at 39 d of age, and had markedly decreased by 53 d of age. Undigested DNA in the lens nuclei of cataractous UPLRs was detected at 
Expression of DLAD mRNA in the Lenses of Normal and Cataractous UPLRs and SCRs
DISCUSSION
Any alteration in the optical homogeneity of the lens or a decrease in its transparency is known as a cataract, 24, 25) and numerous factors have been implicated in its etiology. These include genetic factors, diabetes, smoking, nutrition, the cumulative effect of X-rays, ultraviolet irradiation, and alteration in both endocrine and enzymatic equilibrium. [26] [27] [28] [29] [30] [31] Recently, Nishimoto et al. 9) reported that DLAD in the lens played an essential role in the degradation of nuclear DNA, and a lack of the DLAD gene causes nuclear cataracts. DLAD appears to be a divergent form of DNase II that catalyzes the hydrolysis of DNA into oligonucleotides under acidic conditions. 32) The biochemical characteristics and primary protein structure of DLAD are similar to those of DNase II, although DLAD is functional over a much broader pH range. 7) DLAD has been found in mammals, and is reported to be expressed in the mouse lens, liver and human lens, salivary glands, and lungs. 8, 9) In this study, we showed that DLAD mRNA was expressed in the lens, brain, lung, liver and pancreas in rats. In particular, stronger DLAD mRNA bands were found in the lens and liver (Fig. 3) . This result suggested that DLAD also plays an important role in the rat lens. We investigated the relation between the degradation of DNA and the expression of DLAD mRNA in the lenses of UPLRs and SCRs during cataract development.
UPLRs and SCRs are hereditary cataractous rat strain animals, and opacification of the lenses in these rats develops with an increase in age. Initial opacification of the lenses in cataractous UPLRs appears at 42-49 d of age. On the other hand, initial opacification of the lenses in cataractous SCRs appears at 77-84 d of age. Therefore, we used UPLRs at 25 d of age and SCRs at 56 d of age with transparent lenses, and UPLRs at 53 d of age and SCRs at 105 d of age with opaque lenses to investigate the accumulation of undigested DNA in the lens nucleus and the change in DLAD mRNA in the lenses of normal or cataractous UPLRs and SCRs. In the normal lens of the eye, the nuclei and other organelles in the central lens fiber cells are eliminated by an apoptotic-like mechanism. 5, 6) The result of the present study also shows that the accumulation of undigested DNA in the lens nuclei was not detected, and the levels of DLAD mRNA expression did not change with an increase in age in the normal UPLRs and SCRs. DLAD does not affect common cataract formation, since the levels of DLAD mRNA expression in the lenses of the cataractous SCRs did not change with an increase in age, and undigested DNA was also degraded in the lens nuclei of the cataractous SCRs. On the other hand, undigested DNA in the lens nuclei of the cataractous UPLRs was detected at 46 and 53 d of age, and the levels of DLAD mRNA expression in the lens of the cataractous UPLRs were decreased. Although DLAD mRNA expression in the lens was decreased at 39 d of age, the accumulation of undigested DNA in the lens nuclei was not observed. DLAD works in the process of the differentiation into a lens fiber cell and the lens fiber cells move towards the lens nucleus portions with an increase in age. Therefore, it was suggested that the lens epithelial cell with undigested DNA did not arrive at the lens nuclear portion at 39 d of age. In this study, an increase in lens opacity was also found in the lenses of the cataractous UPLRs with a decrease in DLAD mRNA levels. These results show that it is very likely that the mechanisms for cataract development differed between UPLR and SCR. These findings suggested that UPLR, which caused the decrease of DNA degradation and the accumulation of undigested DNA, may be classified as the nuclear cataract model. On the other hand, the cataract development of SCR may be caused by the degradation of lens proteins such as crystallins. These classifications of the mechanisms for cataract development provide important information for the development of anti-cataract drugs. Vol. 29, No. 12 
